Developmental dysplasia of the hip (DDH) is a neonatal condition with various causes. Neuromuscular dysplasia of the hip (NDH) is a sequel of neuromuscular disease, and generally presents later in childhood than DDH. Some evidence, however, supports a concept of a neuromuscular etiology of DDH: (1) a high prevalence of spinal dysraphism in DDH; and (2) abnormal sensory evoked potentials in 31% of DDH patients. To explore this suggestion we ascertained the presence of neuromuscular disease within a cohort of DDH patients, and asked whether the neuromuscular condition is the initial etiology of the dysplasia or a coincidental finding. We retrospectively reviewed patients presenting with DDH. Only those with an initial diagnosis of DDH and a subsequent diagnosis of a neuromuscular condition were assessed. Fifteen of 560 patients fulfilled the criteria, however the presence of true DDH within this group was minimal, as several cases emerged as early presenting NDH. We therefore believe it unlikely DDH has a substantial neurological etiology.
Introduction
Developmental dysplasia of the hip (DDH), previously known as congenital dislocation of the hip (CDH), is a common and well-documented condition primarily detected in neonates. The principal abnormality is hip instability affecting both acetabular and femoral development [19] . It is a spectrum of disease, ranging from the unstable hip, where the femoral head is well centered, but which displaces when force is applied, to the fully fixed dislocated hip [1] . DDH has a complex etiology, although research suggests it is more prevalent among first children, girls, those with a positive family history, and infants who were breech presentation [5, 21, 22, 24] . DDH in the UK is screened for neonatally using the Ortolani and Barlow tests, although ultrasound has proved a useful secondary tool [2, 5, 8, 23] . Early diagnosis allows usually successful treatment in a Pavlik harness. If this is unsuccessful or the diagnosis made late surgical treatment is necessary [5, 20] .
The displacement and dislocation of the hip is also a recognized sequela of neuromuscular conditions such as cerebral palsy and myelomeningocele. This is considered an entirely different clinical entity to DDH, due to the differing underlying pathology and consequently differing expected outcomes. Dysplastic changes occur as a result of altered muscle tone, which causes abnormal stresses across the hip joint. This will gradually affect the positioning of the femoral head, subsequently impairing acetabular development [7, 11, 13, 17] . Consequently, neuromuscular dysplasia of the hip (NDH) generally presents later in childhood than DDH [14] . Treatment is primarily surgical, and patients may require multiple operations due to the underlying problem of disordered muscle tone [13, 17] .
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Wilkinson and Sedgwick [21, 22] proposed a proportion of DDH cases, however, might be a result of neurological dysfunction. A group of patients who had DDH resistant to primary surgery was studied and a high proportion had either overt or occult spinal dysraphism. It was suggested spinal dysraphism could be a contributory factor to the development of resistant DDH. Sensory evoked potentials (SEPs) were studied in a cohort of DDH patients, and compared to that of a normal population. These assessed both the dorsal column and medial lemniscus sensory pathways of the spinal cord. Thirty-one percent of DDH patients had altered SEPs that could indicate the complex etiology of DDH may have a neurological component [21, 22] .
We hypothesized there is no etiological association between neurological abnormality and DDH and asked whether it was possible to identify early NDH by studying the natural history of the two disorders. In short we investigated (1) whether the neuromuscular condition is the primary etiological agent for the acetabular dysplasia or simply a coincidental finding, and (2) the interactions of DDH and neuromuscular disorders.
Materials and Methods
We retrospectively examined the medical records of a cohort of patients who presented between 1990 and 2006 and who had an initial diagnosis of DDH that was then subsequently reassessed due to the presence of a substantial primary neuromuscular disorder. During this time 560 infants presented and of these, 15 (2.7%) children (three male and 12 female) fulfilled the inclusion criteria. Among these 15 patients there were 25 dysplastic hips: 10 patients presented with a bilateral DDH, three with leftsided DDH, and two with right-sided DDH. The median age of presentation of DDH within the cohort was 4.2 months (range, 0-9 months). There were six patients (all with bilateral dysplasia) who were diagnosed during the neonatal checks and were all treated initially using a Pavlik harness. This reduced and stabilized eight hips (six patients), however four hips (three patients) underwent subsequent surgery. Overall, 15 of the 27 hips (11 patients) underwent surgery ( Table 1) .
We reviewed the medical records with regard to the natural history and progression of the hip dysplasia, and the treatment required. We (AL and NMPC) measured the acetabular index and migration percentage on anteroposterior pelvic radiographs where possible. One-hundred nineteen anteroposterior radiographs of the pelvis were assessed, with a range of one to 16 radiographs per patient, which reflects the wide age range (0.7-16.7 years) of initial and followup radiographs. Radiographic documentation was complete in all cases. Acetabular index was classified according to Tönnis, and subluxation was defined as a migration percentage of greater than 30% [1, 3, 9, 12, 17, 18] . Radiographs taken before October 2006 were on plain film, and so could be measured on a light box using a transparent ruler and pencil on an overlying transparent sheet. Radiographs taken after October 2006 could be accessed only on the computerized Picture Archiving and Communications System (PACS), and therefore were measured using the tools provided within the software.
Results
In relation to the question of whether the neuromuscular condition is the primary etiological agent for the acetabular dysplasia or simply a coincidental finding we found severe dysplasia in 36 radiographs of the left hip (30.3% of total assessed) and 44 radiographs of the right hip (37% of total assessed), and nine left hips and six right hips (in 10 patients) had at least one radiograph showing severe dysplasia. Questionable dysplasia was seen in 16 radiographs of the left hip (13.4% of total assessed) and 10 radiographs of the right hip (8.4% of total hips assessed). Persistent severe dysplasia (defined as severe acetabular dysplasia seen in at least 80% of the radiographic evidence) was seen in six hips in five patients. Only four patients had no radiographic evidence of acetabular dysplasia with regard to acetabular index. Subluxation (including dislocations) was seen in 27 radiographs of the left hip (22.6% of total assessed) and 42 radiographs of the right hips (35.3% of total assessed). Nine left hips and 11 right hips (in 11 patients) had subluxation on at least one radiograph. Seven hips in six patients had at least one incidence of dislocation within the radiographic evidence.
Of eight hips successfully treated in the Pavlik harness the only hip that did not show sustained resolution was in patient 5, who was diagnosed with bilateral DDH neonatally, and global developmental delay of unknown cause. The Pavlik harness reduced and stabilized the right hip, as shown in the radiographic evidence ( Figs. 1A-B ). The right hip remained stabilized until approximately 1 year of age, when the migration percentage began to steadily increase until subluxation occurred (Figs. 1C-D, 2) . This is probably a case where the initial diagnosis of DDH was correct and well treated, however NDH subsequently developed independently of the initial dysplasia.
It is clear there is a very high incidence of persisting dysplasia subluxation in the hips and neuromuscular disease reflecting a different natural history from a simple DDH.
Discussion
We wished to investigate the relationship between neuromuscular disorders to DDH and whether there was an association. In addition we wished to identify whether those hips subsequently diagnosed as having being part of a neuromuscular disorder presented a different natural history in terms of persistent dysplasia and subluxation and the need for surgery. The results indicate those hips retrospectively diagnosed as being part of a neuromuscular disorder do indeed behave differently in terms of displacement and dysplasia and is a major for requirement for subsequent surgery.
The question is whether or not neurological abnormalities may be a direct causal link to primary DDH. The incidence in this cohort suggests not.
There are limitations to this study. Only a few patients fit the inclusion criteria and consequently the number of patients within the cohort was not large enough to conduct a meaningful statistical analysis. The study was also limited by its retrospective nature which meant the followup period was variable for each patient, as was the frequency and timing of radiographs. Finally, there was no way to standardize the radiographic technique and therefore the positioning of the hips may have affected the values of the measurements. Any conclusions drawn from the data must be seen as suggestions for further study particularly for a longitudinal study in a multicenter setting.
However, it appears unlikely Wilkinson's assertion [22] that DDH has a substantial neurological etiology is correct. The proportion of patients who had true DDH and were subsequently diagnosed with a neuromuscular condition was minimal, as many of the cases when assessed retrospectively were clearly examples of NDH, not DDH. Therefore, our data suggest DDH and NDH are in fact two separate clinical conditions without a shared etiology.
However, there were interesting cases that illustrate the differing presentations of acetabular dysplasia occurring within the context of a neuromuscular disorder. These have been discussed with reference to age at first presentation as this had most influence on primary treatment.
In only 40% of this cohort of hips was subsequent neurological pathology diagnosed within the first 3 months of life. In conventional DDH early presentation is usual, although there is an incidence of late presentation. In relation to treatment only 66.7% of the hips treated were treated successfully, which is far lower than the normal success rate with DDH (which is 85%) [4] . Altered muscle tone could compromise the effect of the Pavlik harness. Clearly, normal biomechanical conditions cannot be restored [7, 17] . It may be argued therefore that the successful treatment in the Pavlik harness actually indicates the true DDH. Seven of the eight hips reduced were stabilized and showed no further clinical or radiographic signs. Accordingly it may well be these cases were coincidentally true cases of DDH rather than neurologically related.
Successful treatment in a Pavlik harness appeared a good prognostic factor for acetabular development in this cohort, as seven of the eight hips reduced and stabilized by a Pavlik harness showed no further clinical or radiographic signs of developing dysplasia (although two hips were in a patient who was only 0.7 years old when the study was conducted). This probably indicates these cases represented true DDH in the cohort.
A study of children with cerebral palsy demonstrated acetabular dysplasia must be present for dislocation to occur, even if increased muscle tone was present [6] . Therefore initial treatment with the Pavlik harness allowing resolution of dysplasia could result in the successful development of the acetabulum and consequently prevent further hip dysfunction. This is illustrated well in patient 13 who was diagnosed neonatally with bilateral DDH successfully treated with a Pavlik harness. Although the patient demonstrated a mild increase in migration percentage on the right side ( Fig. 3) , the acetabular index is well within the ranges of normal, and is perhaps a protective factor against further subluxation.
It is possible DDH could act as stimulus for the development of NDH. NDH occurs as a result of prolonged 0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 distorted stress across the hip joint, which causes a gradual development of acetabular dysplasia [7, 17] . If NDH appears to develop neonatally, it is possible DDH is initially present but its resolution is subsequently impaired due to the neuromuscular abnormality. Therefore DDH in children with neuromuscular disorders may predispose them to developing early-presenting NDH. Consequently the risk factors, which influence the development of DDH, could also affect the likelihood that NDH will occur in these patients. The combination of DDH and a neuromuscular condition could also increase the risk of NDH developing where the neuromuscular symptoms are relatively mild. The risk of acetabular dysfunction increases in cerebral palsy with decreased gross motor function [16] . However, patient 8 had a very mild left-sided spastic hemiplegic cerebral palsy (which would be unlikely to cause NDH later in life), presented with bilateral DDH as a neonate, and was managed using a Pavlik harness. The right hip responded well, but the left hip required further surgery. This could be an example of unresponsive DDH, although the altered tone on the left side even though minimal, in combination with DDH may have facilitated the development of NDH.
In those who presented before the age of 3 months it is likely eight hips in five patients had true DDH. The remainder may have had DDH that was unresolved due to disordered muscle tone and consequently developed into NDH. They may have also simply been representatives of the small proportion of DDH that is unresponsive to treatment, although this is less probable.
Nine patients (13 dysplastic hips) presented after 3 months of age, representing 60% of the cohort. However, in a study of late-presenting DDH, only 2.1% of cases were diagnosed after 3 months [15] . The likelihood of all of the late-presenting cases in the cohort being DDH, which was missed or developed after the early screening program, is therefore minimal. This indicates acetabular dysplasia which is neuromuscular in origin was more prevalent in those who presented after 3 months than in those who presented before this time.
Late-presenting DDH would initially require a closed or open reduction, and all patients (except patient 6) were primarily treated in this manner, however five hips required further surgical therapy. It is difficult to analyze the surgical techniques due to differing trends in preferred surgical options [10] . It is clear, however, that those who presented after 3 months had a worse prognosis for treatment, requiring a mean of 2.1 surgical procedures (range, 0-6 procedures), compared to those who were diagnosed before 3 months of age who required a mean of one (range, 0-3 procedures). This again indicates the prevalence of NDH within the late-presenting group was higher than in those who presented with DDH prior to 3 months of age.
The six hips that radiographically showed persistent severe dysplasia were all cases that presented after 3 months of age. It is therefore likely all of these cases (patients 3, 7, 9, 12, and 15) demonstrated NDH, as the picture of persistent dysplasia which does not resolve despite appropriate treatment, combined with clearly abnormal migration percentage, is particularly typical of this condition [7, 12, 17] . This is demonstrated in patient 7, who was at high risk of developing NDH due to the diagnosis of spastic quadriplegia cerebral palsy with poor gross motor function [16] . The patient presented with DDH at age 8 months, and had closed reductions on both sides, which were unsuccessful in preventing further subluxation. The severe bilateral dysplasia and progressive migration, primarily of the right hip, can be clearly seen in the radiographic evidence ( Fig. 4A-E ). Further bilateral osteotomies were required ( Fig. 4F-G) , but both hips had loss of function and demonstrated arthritic change at age 12 years. Due to the nonresolution of the migration percentage especially in the right hip ( Fig. 5 ) and the minimal effect of the operations, it is very likely this case represents true NDH without any coexisting DDH.
Unlike Wilkinson [21, 22] suggested, we did not observe cases of DDH which appeared directly caused by a neuromuscular condition but we did find the natural history and progression of persistence and progression of acetabular dysplasia in NDH was as one would intuitively expect, different from DDH.
The incidence in this series of neurological abnormalities being directly associated with hip DDH is extremely low and we believe rules out direct etiological association. The migration percentage of both hips of patient 7 is shown to show variable natural history (see Fig. 4 ).
